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FOREWORD
When Mr. Andy Anderson donated to Southern Methodist University the petrified skeleton of a great marine lizard found on his plantation near Cedar Hill, Texas, he said, "Write about it so common folks
can understand."
In view of this request, the description of this new and important
specimen has been divided into two parts. Part I is a technical description of the skeleton written by S. P. Welles, Principal Museum Paleontologist, University of California (Berkeley), an authority on the
elasmosaur group to which the specimen belongs. Mr. Welles completed
his manuscript, Part I of Number 1 in the Fondren Science Series
(May 10, 1949), after a visit to European museums to study type
specimens of the group. Of the value of the fossil donated by Mr. Anderson, Mr. Welles wrote:
There is no question but that your beautiful Elasrnosaur
is the key
to the North American Cretaceous fcrrns, as it is the only one which combines an uncrushed £kull with a neck of known length and pectrum. I have
seen a quantity of undescribed material but none of it approaches yours in
completeness. The only undescribed £kull I have seen is at the American
Museum, and this skull is badly crushed and the sutures are not determinable. In addition to the splendid preservation of your skull, it is also
that of a young animal and the sutures are very clear. It will undoubtedly
be many decades before anything so fine appears again.

In the following study, Part II, the writer attempts to comply with
Mr. Anderson's request and a!so to discover whether or not the specimen throws new light on the habits and habitat of the elasmosaurs.
Included are accounts of the discovery of the skeleton; a discussion of
the correlation of the elasmosaurs and their environments; microscopic
cross sections of the bony structure of the skeleton; a pictured study of
its gastroliths; and a history, with pictures, of various restorations of
the group.
Grateful acknowledgment is made to the Carnegie Foundation for
the Advancement of Teaching for financial assistance on the research
for this study. Photographs used were prepared by Bill Webber, for
whose help the author is indeed grateful.
W. SHULER,
W. B. Hamil.ton Professor

ELLIS

of Geology

Southern Methodist University
March 1, 1950
[3]
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T. W. Tidwell, who found and uncovered Elasmosaurus morgani, holds a part
of the mid-skeleton showing ribs and gastroliths. A thin veneer of concretionary
lime covered the bones of the head and the neck vertebrae. The neck is over 18
feet long.
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A NEW ELASMOSAUR FROM THE
EAGLE FORD SHALE OF TEXAS
PART II
BY

ELLIS

W. SHULER'''

THE FIND
of the Andy Anderson plantation, west of Cedar
THE BIG FARMHOUSE
Hill in Dallas County, Texas, stands on a broad bench below white cliffs.
Winter's chill was in the evening air and the hired hands sat around
a sparkling wood fire. The talk had turned from the good points of the
big white-faced bull in the barn lot to the sulphur water well over in
the north pasture.
"Tidwell, we ought to find a sulphur mine around here," said Mr.
Anderson with a quizzical smile.
"Shore, shore, I'll find you one," replied his old tenant farmer.
West of the house the spring had cut a deep gully in the dark bluish
shales underlying the farm site. Mr. T. W. Tidwell was up early the
next morning, and began his search along the edge of this gully.
Near the top he saw sticking out of the side wall queer looking bones.
His curiosity aroused, he carefully removed some of the soil and shale
covering, and to his amazement found that the bones continued into the
bank. On he worked, uncovering slowly and carefully. Parts of a rock
body with paddle-shaped legs came to light; then a long, long neck;
and finally a vicious toothed, crocodile-like head appeared!
The neighbors flocked in to see the skeleton of so strange an animal,
and Mr. Tidwell erected a tent and made a charge to visitors. But in
time even so exciting a monster lost its drawing power.
Since it was widely publicized, however, there came representatives
from colleges and universities to see and to ask for this remarkable
specimen. Mr. Charles Gill Morgan, instructor of geology at Southern
Methodist University, with a truck and a villainous tobacco pipe, went
down for an all-day session with Mr. Anderson and Mr. Tidwell. He
which later Dr. Barnum Brown,
came back with the skeleton-for
Curator of Fossil Reptiles, Museum of Natural History, in New York,
offered to swap three dinosaurs! In honor of Charles Morgan's successful trip, the specimen is named Elas1nosaw·.,us morgani by Well es
in Part I.
'''W. B. Hamilton Professor
Texas.

of Geology, Southern

Methodist University,

Dallas,

[5]
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HISTORICAL

DESCRIPTIONS

OF THE PLESIOSAURS

The new fossil belongs to the great Suborder Plesiosauria, bizarre
sea lizards, and more specifically to the Family Elasmosauridae, the
long-necked plesiosaurs. These animals were air-breathing reptiles.
Their ancestors, like those of mamals such as whales, seals, and others,
had left the lands to return to the seas.
The modifications brought about by this new water environment
were not so great as were those which took place in a companion order,
the Ichthyosauria, or fish lizards, in which the body took on fish form
and movement. In the plesiosaurs swimming was largely accomplished
by oarlike paddle feet. The most striking feature of the elasmosaur
family is the comparatively small head and very long neck.
S. W. Williston gives credit to Dean Buckland, a student of the
earliest finds, as being the author of the oft-quoted description of a
plesiosaur: "A snake threaded through the shell of a turtle."
In his celebrated "Bridgewater Treatise," Dean Buckland graphically describes the plesiosaur as follows:
To the head of a lizard it united the teeth of a crocodile, a neck of
enormous length, resembling the body of a serpent; a trunk and tail having
the proportions of an ordinary quadruped; the ribs of a chameleon; and
the paddles of a whale. Such are the combinations of form and structure
in the Plesiosaurs.

Buckland's description has often been quoted or paraphrased.
Gideon Algernon Mantell in his Wonclers of Geology, 1839, wrote:
This reptile combines in its structure the head of a lizard with teeth
like those of a crocodile, a neck resembling the body of a serpent, a trunk
and tail of the proportions of those of a quadruped, with paddles like those
of turtles. The vertebrae are longer and less concave than those of the
ichthyosaurus,
and the ribs, being connected by transverse
abdominal
processes, present a close analogy to those of the chameleon.

J. L. Comstock, 1848, pictured a plesiosaur as a "cold-blooded- oviporous animal, which presents in its osteological structure remarkable
derivations from all known animals, whether recent or fossil."
G. F. Richardson, an English geologist, wrote in Introcluction to
Geology, 1885:
The Plesiosaur had the head of a lizard, teeth of a crocodile, a neck
of enormous length like the body of a se1·pent, the trunk and tail of a quadruped, the ribs of a chameleon, and the extremities of a whale. The plesiosaur has been likened to the body of a serpent concealed in the carapace of
a turtle: the neck has thirty-three
vertebrae. whilst in other genera of
this class the numbers vary from three to eight. It probably lived in still
water, not far from the shore. The first species is found in the Trias. but
their greatest development was during- the deposition of the Lias. They
are found in the other stages of the Oolite, and in the chalk of New Jersey,

u. s.
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Fig. 1. The earliest complete skeleton of an elasmosaur was discovered in the
Lias rocks at Lyne Regis, England, in 1823. The specimen was described by Conybeare. Upper drawing shows an excellent modern reconstruction;
while the lower
one pictures the skeleton as it lay in the quarry.

Dr. J. Dorman Steele in his Story of the Rocks, 1870, compared the
neck of the plesiosaur to that of a swan, but used Buckland for the
rest of the description,
The Plesiosaur had the head of a lizard, teeth of a crocodile, the
neck of a swan, the trunk and tail of a quadruped, the ribs of a chameleon,
and the paddles of a whale. Its tail was shorter than that of the ichthyosaur, being only sufficient to act as a rudder in guiding the body. To compensate this loss and assist in propulsion, its paddles were much larger and
more powerful. Its appearance presented a striking contrast to that of
its more ponderous foe, the ichthyosaur, whose attacks it could escape by
sinking to the bottom, while its long neck reached to the surface of the
water and maintained respiration.

Rev. William Daniel Conybeare, who published the first description
of a plesiosaur, and who named the order in 1824, gave his views as to
the habits and habitat of the elasmosaurus:
In its motion, this animal resembled the turtle more than any other, and
the turtle also, as it was before remarked, could we divest it of its shelly
case, would present some slight approach in its general proportion to the
plesiosaurus.
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That it was aquatic is evident from the form of its paddles; that it wa8
marine is almost equally so, from the remains with which it is universally
associated; that it may have occasionally visited the shore, the resemblance
of its extremities to those of the turtle may lead us to conjecture; its motion
however must have been very awkward on land; its long neck must have
impeded its progress through the water ....

It may perhaps have lurked in shoal water along the coast, concealed
among the seaweed, and raising its nostrils to a level with the surface from
a considerable depth, may have found a secure retreat from the assaults
of dangerous enemies; while the length and flexibility of its neck may have
compensated for the want of strength in its jaws and its incapacity for
swift motion through the water, by the suddenness and agility of the attack, which they enabled it to make on every animal fitted for its prey
which came within its extensive sweep.

These rather lengthy quotations are given to furnish a standard of
comparison for our study, which is to determine whether or not the
specimen at Southern Methodist University offers any new interpretation or whether it corroborates the early views of Conybeare.

Elasmosaurus morgani
THE

SKELETON

In Part I, Welles gives a technical, detailed description of Elasniosaurus morgani and discusses the relationship of this individual to
other elasmosaurs. Here it is sufficient to give the outstanding features
of the skeleton in terms understandable to the general reader.
Although impressive in size Elasmosaurus morgani is not the largest
or longest elasmosaur known. A long beamlike neck joins the comparatively short head to a rotund but flat-bottomed body from whose sides
project four great oar like feet to propel or stabilize it.
Due to erosion along the side of the gully from which the skeleton
was taken, the tail vertebrae .are lacking, but the tail probably was
short. The total length of the reptile is estimated to have been from
thirty-five to forty feet.
The head is but eighteen inches in length and is much like that of
an adult crocodile, but with this very interesting difference: the nasal
openings instead of being at the tip of the snout are just below the eye
sockets in an 8-shaped depression. The eyes are well to the front and
the animal may have had stereoscopic vision.
JAWS AND TEETH

The lower jaw (dentary) has 16 teeth on the right side and 15 on
the left. In the upper jaw the teeth are large but only extend back even
with the nasal openings. Seven teeth are on each side. The teeth are
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cone shaped and slightly curved ; some are as large as % inch in diameter and 2 inches in length.
The articulation of the lower jaw to the skull is by a special process
known as the quadrate. The lower jaw forms a great open V which
projects beneath and back of the skull. The atlas and axis of the neck
vertebrae are fused, but the head has great freedom of movement by

Fig. 2. An oblique side view of the skull, partially restored with plastelline.
Length of skull from snout to back is 18 inches, and the width is 6 inches. Notice
particularly the intermeshing of the teeth.

reason of a ball and socket joint of the single occipital condyle, which
is placed well within the open V of the lower jaw and under the balanced weight of the muscular head.
Measurements for the pectoral girdle and the pelvic area are given
by Mr. Welles and show no particular abnormalities. The tail vertebrae,
as mentioned before, are missing.
The spectacular feature of the specimen is the long neck, in length
18 feet and 5 inches! It has 61 ( 62 ?) vertebrae which range in size
from a comparatively small one, where it joins the head, to a massive
vertebra, where it joins the neck to the body. The long neck is thus
not like a snake since it increases in size from the head to its juncture
with the body.
The significant thing about the neck is the articulation of its vertebrae: the dorsal processes closely overlap. This arrangement
gave
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added strength, necessary when the reptile was living. The long neck,
heavy itself, had to support not only the large head (the petrified one
weighs twelve pounds), but the food catch as well. Figure 7 shows
a side view of the neck vertebrae.
It can be seen that the neck was most flexible in a downward movement but was definitely limited in its upward swing. We must abandon,
therefore, the idea of the neck of the elasmosaur as a spectacular highstanding periscope so often shown in restorations. A more utilitarian
and prosaic theory, but more likely correct, is that the neck was a
sort of scavenger pipe bending easily and rapidly downward toward
the floor of the ocean.
HABITAT;

EAGLE FORD TIME

AND SEA

Following the retreat of the ocean at the close of the lower Cretaceous
(Comanchian), the sea again swept in from the south over what is now
central and western Texas, New Mex:co, Colorado, Nebraska, Wyo-

Fig. 3. Longitudinal
calcite.

sections of a broken rib. Void spaces are now filled with

Fig. 4. Cross section of a rib. Lighter areas were voids, now filled with calwere lightened by voids and pore spaces.
cite. All bones of the elasmosaurus
Fig. 5. Section of a land mammal

bone, given for comparison.
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Fig. 5
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Fig. 8

great

Fig. 6. The half-sphere
occipital condyle.
freedom of movement to the head.

This ball and socket joint

gave

Fig. 7. Three of the neck vertebrae from the midsection. Note the overlap
and interlocking
of the dorsal processes. This would have prevented a large ver;ical movement of the neck.
Fig. 8. Cross section of a vertebra
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Fig. 9. The head, neck, and part of the body skeleton as it was being uncovered. The head and vertebrae were covered with a coating of concretionary lime!'tone. This photo.2.-raph shows clearly the eye socket and the nasal opening immedi::itely in front of it. It can be seen that the neck had considerable movement from
side to side.

ming, Montana, and on over British Columbia and eastern Alaska into
the Arctic Ocean. As the sea transgressed the lands, its waters deWoodbine sands of Texas and the
posited beaches and basal sands-the
great blanket of the Dakota sand beds of Colorado and Wyoming.
This great interior ocean divided America into an eastern and western continent during upper Cretaceous time. It has been named the
Coloradan Sea by Dr. Charles Schuchert, because of its development
in a great basin in Colorado. Dr. R. T. Hill, Texas geologist, often
spoke of it as the Dallas Sea. Over the invaded shores first were laid
down sands brought down by the rivers from the adjacent highlands.
Then as the beaches moved in over the lands there followed covering
muds, now known as the Eagle Ford shales, also from the highlands
but away from the shore and free from tidal scour. The currents of
Eagle Ford seas were slow and carried only the finest muds. Later over
these muds were powdered down from the surface of the sea myriad
forms which made the great chalk beds - the
tiny foraminiferal

https://scholar.smu.edu/fondrenscienceseries/vol1/iss1/2
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Austin Chalk of Texas, Selma Chalk of Alabama, and the Niobrara of
Colorado and Nebraska.
The seas of Eagle Ford time were comparatively shallow and were
tilled with a most abundant animal life. Innumerable fish in wide
variety, vicious mosasaurs, ichthyosaurs, and many types of plesiosaurs
swam in the waters, and great dinosaurs, herbivorous and carniverous,
waded along the shores. Winged dragons and toothed birds flew in the
air, but modern plants were beginning to spread over the land.
Fossils of this time are to be found buried in the soft muds of the
period in a remarkable state of preservation. Many of the shells have
kept their original lustrous nacreous colors. Small wonder then that
in such an environment so perfect a skeleton of an elasmosaurus should
have been found.
Elcismosaurus morgani was a rover of the free and open ocean. Its
skeleton was found in the thick Eagle Ford shale beds far from shore.
(Above the horizon of the find there is still about seventy-five feet of
hard blue to gray shale up to the chalk level.) Yet but a short time before
its death this sea lizard had visited a distant shore to replenish the
pebbles and stones of its grinding mill. So recently that some of the
flint pebbles bear no evidence of attrition; in fact, the coating of the
rnother limestone had not been worn off.
FOOD HABITS

While the plesiosaurs occupy a unique and important place in the
economy of marine life, they were not so well adapted as the ichthyosaurs whose bodies had taken on the shape of fish. Plesiosaurs show
a wide variation among themselves: there were large and small ones,
as well as short- and long-neck species. All were definitely adapted to a
specific food environment.
Charles Darwin first called attention to the fact that the wonder of
life is not so much that the child is so like the parent, but that it is
like the parent at all. Lamark assumed that the giraffe grew a long
neck in order to eat the top leaves; perhaps it grew a long neck and
then had to eat the top leaves.
It is easy but hazardous to give reasons for apparently obvious
adaptations. For example, one might confidently explain that the long
necks of the great ponderous sauropod dinosaurs gave easy grazing on
the lush vegetation of the sea marsh, thereby conserving movements
of their giant bodies; that for maximum efficiency the fish lizards took
on the shapes, locomotion, and methods of food catching, of fish. But
in all of these evolutionary changes there is a law of compensation for
those organisms which survive. Whatever may have caused its evolution, the long flexible neck of the elasmosaur was at least an admirable
adaptation for a slow-moving body with oars for its locomotion.
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The articulation of the first twenty units of the vertebrae of the neck
of Elasmosciurus morgani shows that there was considerable play between them, but that the most rapid and easiest movements were downward, while upward movements were definitely limited. Side movements could be made but never with the freedom of a swan's neck. The
vertebrae joining the neck to the body were massive-some
up to about
six inches-and
show that in this part of the neck little movement could
have taken place.
The face of the skull is short, and the frontal position of the eye
3ockets indicate that the big eyes, probably stereoscopic, could search
the ocean below with definite controls for distances of attack.
The nasal openings, somewhat 8-shaped, were set close to the eyes,
well back from the front. The elasmosaur could have easily drowned
a small air breather by holding it just below the water's surface, while
comfortably breathing itself.
The principal movements of the head came not so much from the
jointing of the neck vertebrae (the axis and atlas are indeed fused)
as from a ball and socket joint, the single occipital con.dyle at the base
of the skull, which allowed great freedom of movement. The head could
be swung up and down on this hinge a full forty-five degrees, though
not quite so wide from right to left. Its total movements were thus
those of an elipsoid.
The center of this hinge movement was well forward and under the
head so that the front of the head and jaws were balanced in part by
the weight of the back of the head. Thus the easily movable head compensated for the slower moving neck which apparently had only one
position for rapid movement and that was directed downward.
Examination of the Southern Methodist University specimen throws
no new light on the food of plesiosaurs. The stomach space of Elcismosaurus morgcini was filled with concretionary lime, in which there
were no fragments of fish, broken cephalopod shells, or Pterodactyl
bones such as were found by Barnum Brown. The teeth, mouth, and
jaws, however, indicate a fish-food lover.
The long conical intermeshing teeth of the elasmosaurus were well
fitted to seize and hold fish and cuttlefish. But, having caught the fish,
how did the elasmosaurus handle it? There was no articulation in the
jaw, as with mosasaurs, by which the fish could be jerked back into
the throat until it could be held by teeth in the roof of the mouth.
To be easily swallowed down the long esophagus of the elasmosaur
a fish had to be reoriented so as to go down the throat head first. That
great fishing bird the cormorant sho,vs us how the trick can be done:
the fish is tossed up and caught in the proper position as it falls back into
the mouth and throat. This necessitates extraordinary mobility of the
head, which in the elasmosaur was achieved by the ball (the occipital
condyle) and socket (proximal end of the axis) joint, pivoted well
forward about four inches under the skull mass and between the front
and back ends of the jaws.

https://scholar.smu.edu/fondrenscienceseries/vol1/iss1/2
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As noted before, the easiest movement for the neck was downward,
while movement upward was definitely limited. This is recognized in
Well es' recent restoration, and was also recognized by Cope in 1897.
A word is needed here for a variation which is harmful rather than
helpful: it is doubtful whether the long neck of the elasmosaurs had

Fig. 10. Dorsal view of the skull showing the forward-looking
position of the
eyes. Notice the elongate, somewhat 8-shapecl nasal openings. The large number of
pits in the front part of the skull might indicate the presence of feelers somewhat
like those of catfish.

any well-adapted features. The neck was not like a periscope as so often
depicted, though it is quite probable that the head could have been
lifted above the water surface. The anterior part of the neck was much
more flexible than the posterior part.
With an open mouth Elas1nosciiwus mo1·gani could swallow a fish
with a cross section of five inches. The size of the fish or other food
was limited, however, since the articulation and size of the lower jaw
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were fixed and not distensible like that of a snake. Presumably though,
the esophagus was distensible. Certainly it took blocks of flint as large
as four inches and the lower jaw could pass a fish at least six inches
in cross section.
The picture, then, to be visualized is that of a reptile with a long
horizontal but flexible neck; a head which could be lifted above water
and could look downward; eyes pointed forward, with probably stereoscopic vision giving measure of distance; and nostrils set well back and
up close to the eyes.
Down below or in front swims the prey upon which the elasmosaur,
in a lightning stroke, pounces with open mouth. A quick fling in the
air, to be caught properly oriented, and the fish is swallowed and forced
down the long throat into a gizzard-like grinding mill. It is not surprising that in this pouncing type of fishing the elasmosaur should occasionally shear its jawbone as, according to Welles, our specimen did.

GASTROLITHS

Food must be crushed and ground before it can be easily digested.
This may be accomplished by grinding teeth or by mechanical means,
such as used in a ball mill. This latter type of grinding is accomplished
by gravel in a chicken gizzard. Many reptiles use this method for the
masceration of their food. Stomach stones, stomach pebbles, or, more
technically, gastroliths, have been found in association with many
but not all finds of plesiosaur skeletons. According to Mr. Tidwell,
who uncovered the specimen, more than a peck of such gastroliths were
found with Elasmosaurus morgcini. There were left, after the neighbors took samples, about seventy stones. These stomach pebbles range
in size from well-worn, rounded, and highly polished pebbles, half an
inch in section, to a large rectangular block of flint-2 by 4 inches and
weighing almost a pound-with
a rough unaltered surface.
These pebbles are dark flints. The shapes are those of irregular,
concretionary flints such as would be picked up on a beach after the
storm waves have cut out new material. A few give evidence of having
been through the surf mill and show fracture planes which have been
polished slightly. The smaller pebbles are worn and polished as if they
had been in the gizzard mill a long time.
There is a feeling of silkiness to the smaller pebbles and a smooth
lustrous polish that distinguishes them from other polished pebbles.
Perhaps the secret of this lustre is the uniformity of the flint. Definitely
the pebbles are not rounded like marbles. The spherical shapes given
in the rotating grind of the ball mill are not seen in these gastroliths.
An alternating rhythmic squeeze of great gizzard muscles gave the
flints their beautiful polish. The edges were rounded, but the original
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as recovered .

•
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Fig. 12. This photograph
the gastro]iths.
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Fig. 13. Gastroliths show also a wide variation in the degree of polish. The
largest specimen in the picture is a rectangular
block, 4 inches long, 2½ inches
wide, and about 1 inch thick. The whitest part of the block still shows fragments of
the chalk from which the specimen came. The upper right-hand gastrolith is irregular in shape, quite typical of flints from chalk. It is to be noted that these gastroliths were not rounded spheres as if corning from a ball mill, but they maintained
essentially their original shapes, the edges being polished and rounded.

shapes of the flints were little changed as can be seen in Figures 12
and 13.
The adaptation of gastroliths for grinding its food enabled the elasmosaur to use its jaws for prehension rather than mastication; in fact
, its whole anatomy was modified to the specific purpose of catching food
with its long neck. Isaac Walton would probably have said that it
was a rod fisherman, but with no bait!
In recent years there has been a tendency to identify as a gastrolith
any small rounded and highly polished pebble. Layers of pebbles have
even been so identified-a
sort of gastrolith conglomerate. It is probably wise to point out that close association with an actual skeleton is
the only direct proof. In the case of E. morgcmi the pebbles were found
caged within the ribs surrounding the stomach area.
In the study of the flints a number of thin sections were made to
try to fix the geological horizon and the locality from which they came,
but no decision was reached. Three sections were photographed. (Figs.
15, 16, 17.)
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The skeleton offers no explanation as to the cause of the death of
this elasmosaur. True its jaw had once been broken, but it was an
old wound which had long since healed and had even received an extra
thickness of bone. There is no evidence, in broken bones or separated
fragments, of a battle between two vicious sea monsters.

Fig. 14. These g-astroliths were found within the basket formed
Sections of two ribs and fifteen gastroliths are shown in this picture.

by the ribs.

Whatever may be the effect of use or disuse it is certain that only
those animals survive which can continue successfully to use new
adaptations. A plausible explanation for the dying out of the dinosaurs
is the disappearance of the lush marginal sea vegetation at the close
of the Mesozoic; but why marine reptiles should have also disappeared
is a mystery. The quiet waters of the great interior sea of Cretaceous
time may have bred an effeminate type which could not survive in
the open ocean outside. Whatever the cause, the plesiosaurs, together
with the ammonites and dinosaurs, disappeared in the day of the great
dying, at the close of the Mesozoic.
E. morgani swam over an area of the deep sea, which was floored
by soft, fine muds, and when it died it slowly sank to the bottom in
normal swimming position and remained there. Was its death due
to a new bacterial disease sweeping over the ocean, a typhoid-pneu-
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Fig. 17
Figs. 15, 16, 17. Microscopic thin sections of the flint gastroliths.

monia type of bacteria which was attacking even the most resistant
denizens of the deep; or was it "stomach trouble"? Or perhaps in its
eagerness to pick up a supply of fine new flints for its stomach mill,
our elasmosaur took in an overload. Then when it pursued downward
a school of fish it was not able to rise again because of the pressure
on its lungs from the water above.
So delicately was life adjusted then that even the single factor of a
new mud shore line free from pebbles would have been sufficient to
destroy the elasmosaurs. This, however, cannot be the explanation here,
since the stomach of our specimen was filled with choice pebbles.
In all events, the soft floor of the Eagle Ford ocean made a safe,
quiet burial place. No bottom currents rolled the skeleton over or
scattered its bones. The flesh was eaten away by small carnivorous
shelled forms, tiny cephalopods. As time passed, circulating waters
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from the adjacent limey muds deposited concretionary lime over much
of the skeleton-up
to a depth of two inches along the neck vertebrae.
The area of the stomach gizzard under the ribs was also filled with
lime, and, dotted with the mass of pebbles, it looked like broken concrete. The bones were petrified. And so the skeleton lay under a deepening cover of muds while the earth revolved millions of times around
the sun and until rains and storms scalped away the shales of the
Anderson farm, and the hunt for sulphur was on.
RESTORATIONS
The restoration of an animal which lived before the days of photography and before man's ability to sketch from life is a hazardous undertaking. A restoration is only as good as the skeletal material at hand.
The supposed completion of a whole skeleton from one or two fragments is a paleontological myth; certainly large family generalizations
should not be made from a single specimen. To restore perfectly a prehistoric animal requires a complete or almost complete skeleton and a
knowledge of its environment. Restorations, from incomplete specimens, which show, erroneously, the elasmosaur with a long flexible
neck illustrate this point .
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Fig. 18 . A restoration
pictured in iJ!Je1noirs of Ichthyosciiwia and Plesiosaul'ia, by Thomas Hawkins, a volume published in England by private subscription
in 1834.
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Buckland's vivid description of the plesiosaur as a turtle threaded
with a snake dominated most but not all of the early restorations.
One of the earliest pictured ( 1834) , in a great ponderous tome by
Thomas Hawkins, shows a long heavy neck with a number of curves,

Fig. 19. An interesting illustration from a textbook in geology by G. F. Richardson, published in London in 1855. Pictured are a number of Mesozoic fossils, but
the ichthyosaur and the graceful, swanlike plesiosaur dominate the seascape. This
sketch exerted a strong influence over later restorations.

the greatest of which is near the base. The head is birdlike in shape
and the eyes are definitely on the side.
In 1855, G. F. Richardson published in his text in geology a highly
imaginative picture of a mid-Mesozoic ocean, and put in it fish, ammonites, nautiloids, flying reptiles, a great vicious-looking ichthyosaur,
and a plesiosaur with a body and neck like that of a great swan. The
head and neck were quite small compared to the body, and the neck
arched above the body like that of a swan (Fig. 18).
It seems probable that Richardson's swanlike plesiosaur, and later
ideas for restorations with upstanding necks and heads, came from
an erroneous interpretation of Conybeare's incidental reference to the
number of vertebrae in the neck of a swan. From his paper before
the Geological Society of London, 1824, Rev. Conybeare read the following:
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Fig. 20. Illustration from an article, "The Fossil Reptiles of New Jersey," by
E. D. Cope in the Aniei·ican Naturalist for April, 1869. The eyes of the elasmosaur
are well placed, and the general shape of the head is correct, but the body and long
tail are quite erroneous. The reptile with the serpent-like tongue is supposedly a
mosasaur.
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Fig. 21. Dr. J. Dorman Steele in his book, Stoi·y of the Rocks, published
1870, retained the swan idea for the elasmosaur.
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Fig. 22. A drawing taken from On the Hills, by Frederick Starr, published in
1890. Dr. Starr, of the American Museum of Natural History, kept to the swanlike figure, but added a new idea as to the rear paddles and the function of the tail.
I particularly allude to the neck which is fully equal in length to the body
and the tail united; and which surpassing in the number of its vertebrae
that of the longest necked birds, even the swan, deviates from the laws
which were heretofore regarded as universal in quadrupedal
animals,
and the cetacea. I mention this circumstance early as forming the most
prominent and interesting feature of the recent discovery and that which
in effect renders this animal one of the most curious and important additions which geology has yet made to comparative anatomy.

One of the most interesting early restorations was that by E. D.
Cope, reproduced in American Naturalist in 1869. Cope must have had
an excellent fossil head for this restoration for, while the jaws and
teeth were imaginative, the frontal position of the eyes and nasal openings close under them was entirely accurate. This restoration, however,
had a very long attenuated tail (Fig. 20).
In 1870 Dr. J. Dorman Steele, in his Story of the Rocks, figured
Richardson's idea of the plesiosaur in the body of a giant swan, and
Frederick Starr, a worker in the American Museum, in On the Hills,
1890, continued the swan idea for the neck and body, but added a
flattened tail and projecting paddles beside the tail to aid in locomotion.
Professor Cope gave his maturer ideas of the elasmosaur in Charles
Knight's painting of Elasniosaurus plat11urus for the American
Museum in 1897. In this restoration Cope evidenced his belief in a long
neck, the anterior end of which was so flexible that, snakelike, it could
actually bend back on itself (Fig. 23).
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Fig. 23. A painting of Elcismoscmrus platyurus by Charles R. Knight, made
under the direction of E. D. Cope for the American Museum of Natural History.
The picture shows that in Cope's opinion there was great flexibility in the anterior
part of the neck.

H. N. Hutchinson, in Extinct Monste?"Sand Crnatu1·es of Othe1· Dciys,
1911, chose to picture the plesiosaur as having a long neck, a long
lizard-shaped body with heavy oarlike limbs. The eyes, however, were
on the sides of the head and set back behind the general jaw opening.
Professor Samuel W. Williston in Wclte1·Re]Jtiles of the Past ancl Present, 1914, copies a picture of the restoration of two plesiosaurs by
E. E. Fraas. The necks are thick but medium long, the shape of the
bodies definitely that of an elongate turtle with massive oar like paddles.
An elasmosaur in the distance shows an upstanding neck and a head
which surveys the larger scene (Fig. 25).
Dr. H. W. Shimer in his volume, An lnt?-ocluction to Ell?·th Histon;,
1925, shows a plesiosaur paddling along the surface of the ocean, its
tapering elongate neck is a high-standing periscope from which it looks
down through eyes on the sides of the skull.
In a recent memoir, 1943, S. P. Vlelles describes Hydrnthernsau1'1.lS
alexand?'Cieas having a long tapering neck and small head with eyes
facing well to the front, with the neck carried horizontally. He indicates
considerable flexibility in the anterior third of the neck.
In his description, in 1949, of Alzaclasau1'1.l.S
ve1nbe1·toni, a new elasmosaur from the upper Cretaceous of South Dakota, Welles shows in his
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Fig. 24. This illustration is from Extinct
Days, by H. . Hutchinson, published in 1911.

29

Monsters ancl C1·eatures of Other

of the two plesiosaurs shown above were made unde1·
Fig. 25. Restorations
the direction of E. Fraas. Thi illustration is taken from Wcite1· Reptiles of the
Past, by Samuel W. Williston, published in 1914.
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Fig. 26. An interesting
pictul'e of !?re-historic marine life, taken from H.
Woodburn Shimer's An Introduction to Earth Histoi·y, published in 1925.

view of the neck vertebrae that the articulation of the anterior vertebrae, about one fourth of its length, would allow a very flexible
position for the neck. This calls to mind Cape's restoration, painted by
Knight, in which even snakelike coils were possible.
Paleontologists as well as all geologists need to cultivate a vivid but
controlled imagination. They need a background of the sciences of
zoology, physics, and chemistry and the discipline of mathematics. A
periscopic neck and a head high in the air would overbalance any but a
very large body. With all marine animals the buoyancy of water is an
elemental control. Food, food catching, and locomotion are the factors
which permit their survival, and all these must be taken into considera-
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Fig. 27. Hydrothernsaurus
alexancfrae Welles. The restoration
of this 30-foot
elasmosam· was made by 'William Gordon Huff under the direction of S. P. Welles.

tion in any restoration. Above all, it must be remembered that a restoration is individual and not that of a family. Long necks, short necks,
flexible or beamlike necks, cannot all be pictured in one restoration;
these are but minor modifications from one member of the family to the
other.
It is with regret that ElasnwsaunlS mo1·gc1,niWelles must be taken
out of the periscope and high-head pictures. Its head, well balanced on
a ball and socket joint, together with an anterior third of the neck, made
a highly flexible and highly maneuverable fishing rod which could be
lifted above the water's surface, but only for a limited distance. Its
maximum efficiency of movement was downward.
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